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Abstract
The present work studied the effect of aqueous extract from duckweed Lemna minor frond on morphological state of 
the thyroid gland in the experimental hypothyroidism. Healthy albino rats weighing between 120 g and 150 g were used. The 
animalswere randomly allotted into four groups, each containing ten rats respectively. Three of the groups (II, III and IV) 
induced with hypothyroidism by 1 % solution of sodium perchlorate with drinking water for 20 days. Control (vehicle) rats 
were given normal saline. After 20 days hypothyroid groups (III and IV) of rats treated with aqueous extract from duckweed 
Lemna minor frond at a dose 0.5 ml/100 g of body weight and with Iodomarin 200 (reference drug) at a dose 12 µg/kg daily 
orally for 21 days. Results obtained from the study showed that the introduction of sodium perchlorate leads to morphological 
and functional changes in the structure of the thyroid gland in rats, accompanied by sings of hyperplastic tissue proliferation 
and corresponds with hypofunctional state. It was established that introduction of aqueous extract from duckweed Lemna mi-
nor frond has a positive effect on the restructuring of the thyroid gland in rats with hypothyroidism, increasing its functional 
activity. There is a decrease of proliferative processes by extrafolliсular epithelium and thyrocytes in the follicles. The outer 
diameter of follicles decreased by 7.65 % (P>0.05), the height and size of thyrocytes in the wall of the follicle were signifi-
cantly decreased by 58.16 % and 18 41 %, respectively, compared to untreated hypothyroid group. The obtained results have 
practical significance for the development of drugs with thyroid-stimulating action for preventing or delaying the development 
of hypothyroidism and its complications.
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1. Introduction
Hypothyroidism is one of the most common dysfunction of the thyroid gland, accompanied 
by inhibition of many functions of organs and systems and lead to restructuring thyroid [1–5]. 
According to some epidemiological studies in some populations, the prevalence of hypothyroidism 
reaches 10–12 % [1, 6–8]. 
For the treatment of hypothyroid states of thyroid gland the replacement therapy is 
mainly used – thyroid hormones or therapy aimed at restoring the deficiency of iodine [9–11]. 
Today, according to the various estimates of significant share of the European and world phar-
maceutical marketoccupied by herbal products, this share is approximately 30–50 % [2, 10]. 
Arsenal of thyroid-stimulating drugs in Ukraine is characterized by uniformity of dosage 
forms, the predominance of imported producers, and the lack of herbal drugs [12, 13]. There-
fore, there is a need to develop pharmaceutical drugswith thyroid-stimulating effect based on 
medicinal plants.
One of the herbs used in traditional and folk medicine to treat and prevent hypothyroidism is 
Lemna minor. The results of phytochemical research showed the presence of iodine and 14 elements 
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(calcium, potassium, silicon, sodium, etc.) in duckweed Lemna minor frond. There were identified 
32 biologically active substances of different chemical groups (phytosterols, saturated hydrocar-
bons, aldehydes and ketones, amino acids, fatty acids, etc.) [14, 15].
The aim of our research was to prove the effect of aqueous extract from duckweed Lemna 
minor frond on morphological state of the thyroid gland at experimental hypothyroidism [16].
2. Materials and Methods
Aqueous extract from duckweed Lemna minor frond obtained at the Department of Quality, 
Standardization and Certification of drugs (National University of Pharmacy) and standardized in 
accordance with the requirements of the State Pharmacopoeia of Ukrainian and European Pharma-
copoeia [12]. (Iodomarin 200 (Berlin-Сhemie AG/Menarini Group, Germany), sodium perchlorate 
and other chemicals obtained commercially.
2. 1. Experimental Animals
Fortyalbinomale rats weighing between 120 to 150 g obtained and housed in the Central 
Scientific Research Laboratory, National University of Pharmacy, Ukraine. The normal standard 
rat chow and tap water provided ad libitum during the experiment. Animals were stabilized to ac-
climatize to animal house environment for one week before commencement of the experiment. The 
study protocol was approved by Bioethics Commission of the National University of Pharmacyand 
the “General ethical animal experimentation” (Kyiv, 2001), consistent with the provisions of the 
European Convention for the Protection of Vertebrate Animals used for Experimental and Other 
Scientific Purposes (Strasbourg, 1986). 
2. 2. Experimental procedures
2. 2. 1. Induction of Hypothyroidism
Experimental hypothyroidism induced by sodium perchlorate in distilled drinking water 
(1 g per liter) for 20 days. Control (vehicle) ratsreceived equal volume of drinking water [17]. Twen-
ty days after induction of hypothyroidism treatment of animals was starting.
2. 2. 2. Experimental Design
Normal healthy rats used as normal control and hypothyroidism-induced rats were random-
ly allotted into four groups (n=10): 
Group 1: Normal untreated rats were given the normal saline 0.5 ml/100 g of body weight 
daily orally for 21 days.
Group 2: Hypothyroid untreated rats were given the normal saline 0.5 ml/100 g of body weight 
daily orally for 21 days. 
Group 3: Hypothyroid rats were treated with aqueous extract from duckweed Lemna minor-
frond 0.5 ml/100 g of body weight daily orally for 21 days. 
Group 4: Hypothyroid rats were treated with Iodomarin 20012 µg/kg daily orally for 21 days.
2. 2. 3. Histological analysis
After the experiment, animals were sacrificed by immediate decapitation and the thy-
roid gland removed. The lobes of thyroid glands fixed in 10 % formalin solution, desiccated in 
alcohols with increasing concentration and embedded in paraffin-celloidine. Sections 5–6 mi-
crons thick stained with hematoxylin and eosin [18].Algorithms of histological description ac-
cording to O. K. Khmelnytsky were used for pathomorphological analysis of thyroid gland. To 
unify histopathological studies and assay changesthe quantitative analysis (height of follicular 
epithelium and follicular outer diameter, number of thyrocytes in the follicular wall) of glan-
dular tissuewas conducted. Height of follicular epithelium and follicular outer diameter (µm) 
was measured using Toupcam Granum program. Microphotography of images was carried out 
using digital video camera Granum DSM 310. Photos was processed on a computer Pentium 
2,4 GHz using ToupView.
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2. 3. Statistical Analysis 
All data expressed as Mean±SEM were entered and analyzed using «Statistica 6.0» statisti-
cal package with multiple comparisons. The Newman-Keylsatest was used to determine difference 
between the groups. Values of P<0.05 were considered as statistically significant [19, 20].
3. Results and discussion
The results of the present study supply morphological and quantitative data about struc-
ture of thyroid gland in normal rats and about how its changes after sodium perchlorate induced 
hypothyroidism and treatment with aqueous extract from duckweed Lemna minor frond and 
Iodomarin 200. Thus, thyroid gland of control rats has typical follicular structure. Sections of 
tissue were separated from each other by thin connective septa. Thyroid follicles have various 
sizes, mostly round or slightly oval shape, with clear contours. The follicles on the periphery are 
larger than central ones. Intracellular space of follicles is filled with moderate density, uniform 
oxyphilic colloid. Typically, colloid fill the entire cavity of the follicle, sometimes was a little 
“cracked” or behind the walls of the follicles. Thyroid epithelium lined wall folliclesis mostly 
cubic shape, in large follicles – moderately flattened. Follicular thyrocytesis placed on the base-
ment membrane in one row. The nuclei of cells are thick, round, centrally located. Extrafollicular 
epithelium looks as the islands and it is located between follicles. Perifollicular capillary net has 
normal blood supply (Fig. 1).
Fig. 1. Thyroid gland of control rats: normal follicular structure of glandular tissue (×100); 
thyrocytes in the wall of the follicle have cubic shape, located in one row; colloid fills the entire 
cavity, densely. Hematoxylin-eosin
The described morphological structure of thyroid gland corresponds to the normal, viable, 
moderately active tissue that is confirmed by morphometric parameters (Table 1).
The data demonstrated that after 20 days introduction of sodium perchlorate with 
drinking water the distinct changes in the structure of the thyroid gland could be found. The-
sechanges have diffuse character and hyperplastic processes observed in all rats. Most animals 
(67 %) follicles in different areas were monomorphicand densely adjacent to each other. Col-
loid in the follicular lumen is absent. Thyrocytes increased in sizewith shaded cell boundar-
ies. The lumen of follicles is curved, reduced or absent. The nuclei of many thyrocytes have 
atypical shape, the hypochromic one. The cytoplasm of the vast number of cells is vacuolated. 
In the walls of many follicles are seen the varying degrees of forming Sandersoncushions. 
Extrafollicul are pit helium has sings of proliferation, often with the formation of small and 
micro-follicles (Fig. 2, Fig. 3, a, b).
The remaining animals restructuring process and hyperplasia also has a diffuse character, 
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Fig. 2. The thyroid gland of rats after administration of sodium perchlorate: monomorphic 
follicles; dystrophy, multi rowed follicular thyrocytes, the absence of colloid in the lumen of the 
follicles (×200). Hematoxylin-eosin
a                                                                 b
Fig. 3. The thyroid gland of rats after administration of sodium perchlorate,  
a – Sanderson cushion was formed in the wall of the follicle, mitosis of thyrocyte’s nuclei (×400); 
b – moderate focal sclerosis (×200). Hematoxylin-eosin
a                                                                  b
Fig. 4. Thyroid gland of rats after administration of sodium perchlorate:  
a – some moderate variability in size and shape of follicles (×100);  
b – lobular capillary hyperemia of perifollicular wall (×200). Hematoxylin-eosin
Visual changes in the state of follicles correlated with changes in their morphometric char-
acteristics. The average outside diameter of follicles increased by 22.16 % (P<0.05), thyrocytes 
height increased in 2.13 times (P<0.05), and number of thyrocytes in the wall of the follicle became 
more in 1.72 times (P<0.05) (Table 1).
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Thus, the long-term introduction of sodium perchlorate in rats resulted in significant mor-
phological and morphometric changes of the thyroid gland of animals that correspond to the hypo-
thyroid state with an evident goitriferous effect.
Table 1
Morphometric parameters characterizing the functional state of the thyroid gland of rats, µm
Group
Parameters
The outer diameter of 
the follicle Thyrocyte height
Number of thyrocytes in  
the wall of the follicle
Control 37,33±1,74 5,51±0,25 9,06±0,26
Hypothyroid 47,96±1,87* 11,72±0,10* 15,56±0,80*
Treated with AEDF 44,56±2,07* 7,41±0,73*/** 13,14±0,73*/**
Treated with Iodomarin 44,91±1,75* 8,86±0,49*/** 13,62±0,53*/**
Note: AEDF – aqueous extract from duckweed Lemna minor frond. Values are mean ±SEM, n=10. * – P<0.05 versus 
control group; ** – P<0.05 versus hypothyroid group
Structural organization of the thyroid gland of 50 % of the animals treated with aqueous ex-
tract from duckweed Lemna minor frond showed its significant functional activity. Follicles, thyro-
cytes, colloid, extra follicular epithelium by morphological characteristics reaching the control group 
(Fig. 5, c, d). Morphometric parameters characterizing the functional state of the thyroid gland, in the 
whole group decreased, the outer diameter of follicles by 7.65 % (P>0.05), but the height and size of 
thyrocytes in the wall of the follicle significantly decreased by 58.16 % (P<0.05) and 18 41 % (P<0.05) 
(Table 1). The rest 50 % of the rats retained signs of hypothyroidism and goitriferous effect, though not 
of such severity as untreated group. Overall, the follicles in shape and size become more “typical”, but 
many of them had hypertrophy and hyperplasia of follicular thyrocytes, cells dystrophy (Fig. 5, a, b). 
a                                                 b
c                                                    d
Fig. 5. Thyroid gland of rats treated with aqueous extract from duckweed Lemna minor,  
a, b – visible signs of hypothyroidism and goitriferous effect (×100, ×200);  
c, d – normal structure (×100, ×250). Hematoxylin-eosin
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Microscopic picture of the thyroid gland in animals treated with drug Iodomarin 200 in the 
course of sodium perchlorate introduction showed an increase of its functional activity in 67 % of rats 
compared to untreated group. Most follicles ranged in size within “acceptable” standards, shapewas 
typical. Colloid was not determined in all follicles and had the different view. Follicular thyrocytes 
in the wall of the follicles had mostly high cubic shape, arranged in a row. Dystrophy, expressive 
hypertrophy and hyperplasia of the thyroid epithelium were observed in a relatively small number of 
follicles. Hyperplastic sings of extra follicular epithelium reduced and were focal (Fig. 6, a, b).
In 33 % of the rats, microscopic picture of the structure of thyroid gland visually un-
changed compared to the hypothyroid group: the same diffuse monomorphic follicles, absence of 
colloid; dystrophy, hypertrophy and hyperplasia of thyrocytes, focal hyperemia of perifollicular 
capillary net (Fig. 7, a, b).
a                                                  b
Fig. 6. Thyroid gland of rats treated with Iodomarin 200,  
a – gland structure is close to normal (×100); b – follicular thyrocytes of most follicles have a 
typicalview, colloid density (×200). Hematoxylin-eosin
a                                                     b
Fig. 7. The thyroid gland of rats treated with Iodomarin 200; a – diffuse monomorphic 
follicles (×100); b – dystrophy, hypertrophy and hyperplasia of follicular thyrocytes, the absence 
of colloid in the lumen of the follicles (×200). Hematoxylin-eosin
Such differences in the structural organization of the thyroid gland affected the averages 
parameters that characterized its functional state inside the group. The outer diameter of the fol-
licles reduced compared to control by only 6.79 % (P>0.05), the number of follicular thyrocytes 
in the wall of the follicles significantly decreased by 14.24 % (P<0.05), the height of the cells also 
significantly reduced by 32.28 % (P<0.05) (Table 1).
4. Conclusions
In conclusion, the data obtained in this study suggest that sodium perchlorate markedly inhibits 
the functional activity of the thyroid glands in rats, causing morphological features inherent in the iodine 
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deficiency state. Treatment of rats in experimental hypothyroidism with aqueous extract from duckweed 
Lemna minor frond showed corrective effects on the thyroid gland structure, whichresulted in the de-
crease of the external diameter of the follicle, height and number of the wall of the follicle. Therefore, 
it may be useful for preventing or delaying the development of hypothyroidism and its complications.
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